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© Seekabel-Obertragungsstrecke mil optiscben Gbenragungselementen 

Oie Regenerate™ (R61. RG2) wdsen erne ohne Fern- 
?££ un « ******** tuterfce EnergievtrwgongMnlage 
gVQ tuf, die In em«m druckfesten GeMuie (GH) ooteroV 
bracht la. an welches die jeweiligen Seekabel {OC1 OC2J 
ron tuften ubec optische Steclcer (ST1 1. ST12) engeschlos' 
sensing. 
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i nK.„™m..„.„^.i. • t 1 1. Verfehrtn aim Verlegen einer Seck»bd-Ober- 

,u ,' • """f*" tragungatrecke nach einem der vorhergehenden 

SSSS^T" ^ ,w ^?*!"«> un * Anaprflche. dadurch gekennzeichnet. d,Bd«See 

miRdenena einem Rqaemor (RG \y dadoreh 5 kabel majchintO fiber Kopf im Bund gcwicW. 

g ,^ e '^ da ? abS f el!,,be, ? l . eieh,eJ0hne wW und <"<» « Oter Kopf vom Bund jZ 

elekinache Fenupemingaleiter aufgebautej opii- und auagelein wird. nuaugewgen 

jchw Kabel vorg«ehen ill und daBder Regenera- IZ Verfabren nach Ampruch 10. dadurch gekenn- 

tor (RG I) jeweda erne ohne Fern.pei.ung arbei- zeichne^ daB da, Ug« der Kabel v,n Uetaen 

lende auiarke foe^ver^rgungjeumchtung sehndlenSehWenaujdurehgefuhnwird. ' 

(EVE) aulweui. die in emem druckfesten Cehfiuse 11 Verf.hren nach Awpruch 10 oder II. dadurch 

c J IT,$?H% M % JCWe, - l,g f " gekennzeJchnetdaB im Reparaiurf.il nurdie abge- 

Seekabel (OCt. OC2) Ivon auBen fiber opuaehe 5 enkien Regeneratoren gehoben und mil emem 

S.eckeryerb.ndungenr5ril.5n2).nge S chlo»en voikonfektionknen Enaukabelitfick vcrbunden- 

sm ™* n 15 und wieder abgesenkt werden. 

2. Seckabtl-Obcrtragungssucckc rati i AnschluB 1. | 4 . Vcrfahren nach eincm der AnsprOche 10 bis 12. 
dadurch gekennzeichnet. daB der Regenerator dadurch gekennzeichnet. daB beiderseits eines Re- 
(RG 1) als EnergieveTOrgungseinnchiung einen generators (RG 1) $o vie! Kabel am Meeresboden 
kleinenKernreaktor^/yaufweut vcrf^ wird dafl das Heben dej Regenerators 

3. Seekabc^0berwgungi$uecke nach AnschluB I » (RGt) ohne Beschldigung der angeschlossenen 
odcadadurch gekennzeichnet. dafl der Regenera, Kabe! vorgenommeri wcrden kann (Fig, 21 . 
iorfl?Cl)Sen$orenbzw.Antennenf4Ai/>goder 

AnschluBkabel aufweist. wefche von der Meercs* Beschreibung 
oberfliche her Z.B. durch eleku-omagnetische 

Energie oder durch Ultraschali spcisbar rind und 25 Die Erfindung betrifft eine Seekabel- Oberoagungs- 

daO im Regenerator (RG 1) entsprcchende Ener- strecke mit optischen Obenragungselementen (Ucht- 

gicSpeichereionchtungen (z.B. Batterien oder wellenlckern) und mindestemeinero Regenerator. 

dergL) vorgcsehen «nd Optische Seekabel dieser Art rind aus •Elektrisches 

4. Seekabel-Ubenragungsstrecke nach einem der Nachrichtenwesen". Band 56, Nr. 4, 1981, Seiten 
vorhergehenden Anspriiche. dadurch gekennzeich. 30 392-398 bekanm Die Verbinduhg zwischen den Rege- 
net. daO der Regenerator (RG 1) an seiner AuOen- neratoren (Verstarkern) und den jeweifigen Seekabel- 
J? « l .SchjKweDen oder elektromagnetische stOckcn ist Tea. d h. das Seekabel wird m das innere des 
WeUen akuvicrbare Scnsoren f/liV0; aufweist und Regenerators eingefflhrt. und zwar mittels entsprechen- 
daB im Inneren des Regenerators (RG 1) eine Ani- der aufwendiger Abdichtungsanordnung. Die Versor- 
woneinnchtung^COP;vorgesehenbt,we!cheein, 35 gung der Regeneratoren erfolgt flber in das optische 
vorzugsweise fOr jeden einzelnen Regenerator der Seekabel integrierte elektrische Uiter. Im Rahmen des 
Obcnragungsstrecke selekuves. Antwomignal be- ' Versuchsbetriebes wurde etn leeres Regeneratorgehfiu^ 
rewteUtundaussendeL JC zusammen rait einer entsprechenden Kabdschleife . 

5. SeekabeUUbertragungsstreckc nach emem der verlegt und spiter gehoben. Daraufhin wurde der neue 
vorhergehenden Anspruche. dadurch gekennzeich- 40 Verstaxker eingespleiBt und das Kabel wieder niruck- 
net. dafl das GeMuse (GH) des Regenerators verlegt 

(RG t) als druckfeste. wasserdichie Stahlkugel aus- Die Hersteilun'g und die Vertegung von Seekabein; 

PcSiSnu . welche mit entsprechenden eiektrischtn Femsptise' 

6. Seekabel-Ubertragungsstrecke nach emem der Uiiungssystemen versehen sind. tst relativ aurwendig, 
vorhergehenden ^prflcM oadurch gekennzeich- 4$ weil zusatzlkb emsprechende elektrische Utter emgc- 
neu dafl das Gchtuse (GH) jcweDs an seiner Au- bracht werden mQssen. wood die Uiter selbst und de- 
Bensateane HebeO$e(WO;iufweist ren Isolation zu einer Verstcifung des Kabels und zu 

7. Seekabel-Ubertragunpstrecke nach einem der einer Vergrtflerung des Durchmessers beitragen. Wei- ' 
vorhergehenden Art^prflche, dadurch gekennzeich- terhin sind die bisherigen Seekabel, auch wenn'sic mit 
M rJ T» T s if^ A ^ n «f n <^cmlastetsind 30 UchtweUenleitem tufgebaut wurden, je nach Ugetiefe 
und dafl das Seewasser m dieain Gehause ange- und Ugeart mindestens etn bis dreflagig aufgebaut und 
brachten opuschen Sleeker (STU) eindringt und in jedem Fall stark bewehrt Die Ursache hierfQr Degt in 
^ m ? e S°J^ Qa,g,CC,td,CnL ... dtT b " her ^ «nvermetdbar angesehenen Notwendig- 

^^•^? a ^ t ^^^ em dcr ^ cin seiches Kabel im-Beschadigungsfafle mit Hilfe 

vorhergehenden Awpruchc, dadurch gekennzeich- ss der kJassischen Methoden reparieren zu mussen. Diese ^ 

^•S?Jf *a f^ b * ^" c "K«.Wchtes. Jeicht Notwcndigkeit kann rich schon aus der MOgOchkeit des 

armtertes und leicht auslegbares Kabel ausgebddet Versagens der bet langen Strecken stets 4rhandenen' 

?c tiiK 1 . t . Regeneratoren ergebca Der beschriebene Aufbau der 

9. Seekabel-Obertragungsstreckc nach einem der bckannten Seekabel hat hohe Hentcilungskosten und 
vorhygehei^en^pruche.oadurch gekennzeicli- eo hohe Reparaturkosten zur Folge und beinhaitet die 
net, dafl angepaflte kQrzere Verbindungen durch Notwcndigkeit spczieller Fabriken fOr die Herstellung- 
paralieles Veriegen. mehrerer gleichartiger Sirek- und Verladung oleser Kabel ebensowiespezieile Uge- ' 
^i 1 *??^^* " undReparaturschiffe. 

1 0. Seekabcl-Ubertragungsstrecke nach einem der Der Erfindung Begt die Aufgabe zugrunde. eine Stt- 
vorhergehenden Ansprflche, dadurch gekennzeich 65 kabel-ObertragungsstreckedereingangsgenanntenArt 
net. daO. insbesondere fur Flachwasserbereiche, zu schaffen, die mit wesentUch geringerem Aufwand 
durch einen Bleimantel und/oder eine zusitzliche hergestellt und veriegt werden kann und die auch preis- 
schwere Bewehrung das Kabel abtriebssicher ge- gQnstiger reparicrbar ist GemaB der Erfindung. wird 



dies bei dner Se eW>el;Otenragu^recke der em- Sonstige Weiterbildungen der Erfindung rind in Un 
gingsgenanntenArtd^uiditrrenAidaOalsSetkabtl teraiuprflcnen wiedergegeben. ^"""'"Un- 

hJS^yt&^^f Die &findun 8 und ■» Weiterbildungen w C rden 
baut«opt^«KaWvorgoehe nttt .unddafldtrRt: nachfolgend anhand von Zeichnungen niter erttuKrf 
generator jewetb eine ohne Femspeisuog arbdtende s Eszeigen «"»»gen nancr eriauien. 

^^Zi^r^^Zl^^l'^ die * Rg-'i"«»«niaiiseh e rDar«ell«»gtine»erieg,eSee. 
einern druckfesteo Gehause untergebracht at. an wel- bbd-Obertragungsstrecke. 

ae^S^^^^ 0btrOPtijChe F.g.2 mscnematischer Darstdluog eine Vorrats-Ka- 

"nd«ngena^e*cWo«eoand. belange beideneiu dnes Regenerators, 

t, PY^fbwdeTopnsehenKabelBnRahmMdtrSee- ,o Rg.3denA UI b. U eineskomplet,beH0cktenRege„e. 

kabe-Obertragimgss^kww^ ratorgehSusesimQuersehnitt. * 

f«eW,ri^.^,t^L^ M ^ 8U ' g - RS-^enAulbaueinesentenAusfilhrungsbeispiete 
ten eldctnscnen Letter saint der notwendigen Isolauon eines optisdien Seckabeb far den Eniau |J; a~ pST 
wegfallen kfinnen. Dadurch werden die Kabel nicht nur dung und " ° en mim te dtr &fin - 

einfacher im Aufbau. sondera audi kichter. kfinnen we- u Fig. 5 den Aufbau eines weiteren Seekal»b Mr H,n 
gendesgeringeren ^erKWttsnutgeringeremKrOm- Bnsattbeideri Ml^unQue^Smi" 
mungsn^ au^getro^elt n^ emfaeher abgezogen In Fig. I rind zwd Koptaationen WD I und 7fl>2 
werden.. CW*. « zu berthage* daB infolge der gezeiehnet. die im KOstenbereieh Degen^nd teerent 
^•^.-T^d^h 0btnn ^ s ^ Jprechende Kabel C4 1 und CA 2 verLrgTwerden. Zur 
be, optiKhen Seekabdn RegewratorabnJnde in a OberbrtekungdesBereiehes einer Seesu^eSEist 7ui 
der Groflenordnung vonetwal00kn.m6guehrind.so optischa Kabel OCaufdemMeeresgrund5E6Werie^ 
dafl audi for grofle Oberwgtmgsstreeken nur relativ wobei Regeneratoren RG 1 und RG2 XtXn 
w«n,ge Regenerawrea banflhgv werden. Der Ersatz «- Die dnzdnen SeekabetaOeke OCX. OC^Z OCJ 
MtegWtmlmnm^ttWmtd^ebn zwischen den Kopfstationen HD\ und WD2brw^en 
r^,^,^*^*' ,Wtil,g 2!, SeeW ! d J *" a *Sl und *G2 rind mi. OCxToCZ 

^^l^^^f^^T 0 ^.^ ««*tae«-«e Regeneratoren «01 und AG2sind mi< 
mtw^f ,£? d*^ .TTft ■* Energieversorjungseinrichtungen ausgesw 

?, Regenerator durch Usen der tet wie dies niher anhand vol. Fig. 3 erliutert wfaU* 

Steekverbmdungen zu entnehmen unddafOr einen neu- optisehen Seekabel OCl bis OC3 sL fiber Swker 

an^toejnederzu sehiieBen«nd.Aufdea, Repara- sowie ST22 (beim Regenerator KG 2) m die jtweihgen 

turs^spdsonutbetememder^ Regeneratoren angesehlossen. 

ne komplizterten Arbeiten durchzufflhren. so dafl ein Beiderseits der ieweflizen Reteneramrtn an 1 

und zuverttssig durchfOhrbar m. Ebenso erofach ist die ss veriegt. daO ein Heben der Reeeneratoren n, u,n?™ 
Repamur does oesd^gten Seekabeistficke, wdl tur- fc^iS^^ffiTaSSS; 
dieses emfad, b« zu den Steckverbindungen der be- Kerzu sind in Fig. 2 dargestellt. Jo Teile deToSo 
nachbmenRegeneratorendurchetnneuesenetztwird.- Kabel OCl und OC2 im Bereich des Regenemo"' 

A. ^l^!Tl T F , enB P t « etra ^«Wen bt da- RG 1 in Draufsiehtgezeichnet sind. und die SduangenB 
duid>m6gbcb,daBjedeRegejmtorsiefleemeautarke 40 men die notwendigen Seekabel-Oberlinge symoolirie- 
Energieversorgungsanlage aufwttst, die in dnem druck- rea ^oomic 
festen GehSuse untergebracbt ist, und zwar zweckma- Aul diese Weise ist es dann mogfich, wie in Fie. I 

B. g zusammen m.t dem jeweiligen Verstirker. Im dn- gesmchdt angedeu.eu z. B. den Regenerator KG In 
^.^3 * to'WvwmSUwAMt zweck- heben und durch einen neuen Regenerator JW r u, 
m fS™ Kernreakwr vorgesehen „,„. t} e«euen.Di«er Auswuschvorgangistinbesondersdn. 
ra L^ ,8ber ^* i eM8g ' ,chkei ^ , ' eaRe8 * ne - f«her Wdse moglieh. wei) der AnJehJuB dTzum W 
ratoren Sensoren bzw Antennen aniubnngen. wdche nerator RG I gehorenden optisehen Kabd OCl Zd 
von der MeeresoberflSche her r.a durch enupreehend OC2 0berdieSteckanschlusse5Tll undSTKerfolft 
Ul^?n .^! n ^l ttt, t' • En S rf " ■ ^ durch » d >B»rf°emReparatundnffkemeArbdtenimlnn^ 
« ^ " - m4 "I ba - ,m iTT ,dbl ' 30 reo des Regeneratbn -notwendig werden. sondera™ 
2355"? ^ ner « ,ej Pf h ": o »" d «<»«en(z a Bat- die iufleren AnschlOsse im Bereich der Sl«to STU 
tenenoderdergL)vom»ehensmd und 5rt2vorzunehmen sind' 
v,^lT itnn J^ ttBd i?*"?*" 1 ^'ever. Bei dem im Querschnitt dargesteUten Regenerator 
S^f,T cjS 1 *S ea ^^e-gegebenenlalls AG! nach Rg. 3 in das Gehjuse WwSSStoSU 
ShZZtt^^? ^^'e^eno^ngsdn- 33 druckfes.en Material hergtstrJ]^ wobei andtV OberstT 
SET Regenawren vorgesehen teeine Hebeose WOangebracht ist. welche b Re£?. 

b^rb«^AJ&!i!ri?\ d? -J^^ oderZyrmderfonaOberdemGenluse GWwhdS 
.EaXlSM. ^.^jefanwodmetBt. u miBig dne mil dnem Sell mil tfiesem verbondene oofe 
^1?i^r^^^-?T , »^- •^°M>UwasdieOnungundd«Aiifnel»teb^ddV. 
^ Hi ^ ^1 ^ . V0 T M. lea Oberdas Verbindunglseil der Boje S audivon 

^ ? ^^ A,rfd SS^ e,iD,ji ?' tinb « on - »«8«einNachUdenz,a%on Bauerien eZjen^oM 
derskle.n«V«rle^gs^ffdnsetimDieVerlejung dasSentvorzugsw&eStahnemelekSctoK^b^ 
kannmrttoherGejchvHtwIigkehundmiteinfachenMit. u mhdtensolL ' M 

von d eie^w!^i^^'\ fB ' d ^°^P f »^8 ' Der AnschluB der zugehfirigen opdschen Sedcabd 

StoSSfSSSSS!^* beWftteen Mi8 * 001 Und 0C2 erf0, « , flb « r optisdie Steckverbindun. 
nahmenerforderiichswd. gen ST 1 1 und 57" 12. wobd nachfolgend die Steckm- 



Das opiische Kabel OC\ wirdan der AuBenaeite d« 7""Tf. ~ . «~« 

Regenerator, RG I durch einen Steckerteil *m .bef " ccM ™' ue,nb *» voraaeben, Hierfur sind eine an die 
achlosaen. ZweckmiOig m fflr M fSs* ^.evenorgui^emnchtung £V£ angeachloaaene 

jeweila angepaflte iwcite Steckerteil SK 7 druekw tz*^**?" C f' hiul<3 G" v ««>«nden sind. Auf 
eincr Oberwurfmutter fV(«rf575l tonSurf R^T? hk AU J *?• ^T, ein ,flr *« 

E m t^^X. ^ , IV Sj! n 1 derS, 1 clt - ldcht »«8ewech«lt weidea konnen. aondem ermflg. 

S££ Zutri. M ^ fP 1 0bnt M lid " « w « Be,n <uc ^ daB im Fall der BeachiS 
weiterea einen Zutnu fflr Seewajjer bietea Ea genOgt eines der oothehen SeekabeL t B. dJK^M^. 

Nach' cinrr nmM. .bir»M. ii • ■ l. • ^ enmt wiri Hierau w od« die beiden Rennet* 

m^StoS^£2£EA 15 Rfck °« mit deo emaprechenden Steckvtrbindangen 

hS^^hrfriT ^ L Pegel ^ erte M d « beHen Enden in die Regeneratoren RG\ und 

lE2S^SL£t2ft^W^^ KC2 einpetat und auf dine Weiae die B«l£ 
il T £0 wieder opoache Signale liefert. wefche keitderObertragtmgaaiwctewiederherEeateUt 

& fetdSrSSSSE - *" ^ b *r der gTg^Djpft^fUren 

^2faS!SJESrTJU • L • 59 BMdbr « te *«rden zweckmtBig Enmoderifaaera for 

(Or A^^ia^^i ^ OC^n keine die optkchen Seekabel im Rahman der Erfindung Z 

LeauVShif,^^- ^"^^ geaehen. wobei »den meisten Fallen eine Faaer to jede 

Z sr 7 ^ ke ' **" Regenera - Kommunikationarichtung auarekhend iat Bei Verwen- ' 

tor RG I etne eigene amarke Energievenorgungaein- dung von Weflenitagen-Muhiplex mtamv^e 

F 0 ™l £ ^. VO '^? tn, ^ eIChe in ^^er jj Faae'r fflr die beidenE? * * ^ ' ; 

pSkZVp^^'/?^ B f ,d<bf ««««'«b gungwirddann aorLlerweae our SeXSS, " 
SmI ^T^? ^ von Streeken getroffen und ea iWSh 

rf^^Bwnotw- geaamte Obertragunganreeke aua. Wdterhin™ ea 

^ "T ^ « "«^cKdurchGe\«<A^oh l ingen( i ad^^ 

keiner Kernreaktor ausgebOdet bl In dieaem Fall ist Bldmamel oder eine auaatzEehe Be&S 
die Energievewrfungaeinriehwflg EVE mit enupre- legten optiachen Seekabei r^tSSZ Mafle a 
Srl Pa ? e ^ , ^ ( ?* ,,en ^ 2UV «^ en - tHebaicherzum^ ,b -' 

£ Gleudworn unigewandeh wird. m Seekabel kann von kleinen und aeteellen SchtfS aS 
Sbl.^^"^ erfolgea Im Repanturfalle brauehen ebenfauSS 
te f ™ er P* kann gegebenenfalb audi eine Naehladung Heme und einfarte Scfaiffe die «b«eaerihenR««S™ 

hdbdLceM^^««!^S^* e /f! ,,0 " a * ufier - «"« »e beaaer finden und faaaen au Mnienau 

~ a.7.!l£ ' hJttles I C ^ voiroehen ami Um eine beaae- J} heben und mit den vorkonfektionienen KabSe7d« 
«r^nir&^^ g ^ mi,g 5 !n - Era.'^'ela?" verbmdea Da^Tw«1en Se ^g " ^ 
fKfcffi* *« h ^« , '«» "« « auch mogOch, neratoren aami dem neuen Emttkabdstflck wiedera£ 
tzS S ?\ H0 » benuoca einen ent- geaenkt Der Kwenuntendued^TklaSTs^ 
2S^:r S 5 lffld ? , J ?f rWinabeaonJereffl^S^ae^SC 
nentor hmunier zu laaen und dieaen m unmradbarer «o raturarbeiten. iai ao grofi, daB autt mehrfaaerieer Kaltl 

^•i M N ^r^^^' ,e . n ^* rfdie,e B«^«l»mmenkann:WenndieeinSRe™e^^^ 

n^SfiiSSSS^^ 80 ' ' '^^^^W^AnachfiellenSSft. 

der BaS ™ f^tn dS S^S ^Aladung aemauagdegtwerieainauehdaanaehtriglicheErwei. 

nthme" m£VEvx3nitr SeeoberfBche her vorau- u ten, einer Verbindung mit gtringem Aufvind mflglich. 

In manchen Fallen kam. « • Wie bereita ervlbnt. iat ledtgRch dafflr a aorgen. daO 

belLTnAumnden^R^r^ 8 ""-J™ WdeneiB eine * R e 8 tn «™ Wra » »iel Kabcl-Vorn..,. 

oeaaeren Auffinden dea Regenerator! erne entaprechen- . Unge am Meereaboden fiegt. daB daa Hcben dca Rcsc 



als drucWeste ana wasseraicme ouminugcin ausgeoii- 
dec Ihr Durchmesser kann in der Grtflenordnung von 5 
einemMeterliegen, 

In Flachwassergebieten k5nnen die Kabd audi 6a- 
gcjpQit und/oder durch starker bewehrte KabelstQdce 
ersetztbzw.crganztwcrden. 

Das Kabcl nach Fig. 4 wctst cine ctnzige Ucbueitfa- 10 
ser 1WL 1 auf, die in einer weichen FOJJmajjc FMi 
bewegiich, vorzugsweise mit OberUnge eingebettet hi 
Urn diese InnenstmJctur in cine Pufferung BFi z.a 
durch cm hartes Kunststoffmateriai (2. B. a us unter dem 
Handebnamcn "Grilamid TR55! % und "Vestodur 300T is 
bekannten Materialien) vorgesefien, welches cine roar- ' 
formige InnenhQJle bildeL Auf dieser liegen Beweh- 
rungselcmente BWi auf, welcfic aus zugfesten Stthl- 
drfhten bestehen, wobei die Zwickciemente mh Kono- 

sionsschutzmaaegefQlltsindAuBenuteinSchuaman- 20 
tel AM 1 aus einem Polvaraid aufgebracht 

Ein derartiges Enfaser-Seekabel hat ein Cewicht in 
der GrOBcnordnung von etwa 12-kg/km, einen AuOcn- 
durchmesser von etwa 2,4 mm, eine Kurzzeit-Belaitbir- 
keit von etwa 1000 N, eine Bruchiast von 2800 N und tin 2s - 
Gewicht un Wasser in der GrtOenordnung von etwa 
7,5 kg/km. Die ReiBiange einer deranigen Kabelanord- 

. . 2800 
nung fiegt bei etwa -gj- - 23 knrin Luft, und to Was- 

2800 1 ' 

scrbei-^-37kia » 

Das nur schema tisch dargesteilte optische Kibel 
OC2 nach fig. 5 weist mehrere Uchtwellenleiter 
LWL21. bis LWL2n auf (im vorliegenden Beispici ist 
a - 7 gewfihhjL die mit weichen PuffermateriaHen as 
BF 2t bis BF2n umgebenjind. Die Zwickelrfiume wer- 
den mit einer weichen FQllmasse FMI gefQilt und an- 
schlieBend ist ein InnenmanteJ /A/2 vorgesehen. Die 
Bewehrung BW2 aus hochzugfesten Stahldrihten ist 
ebcnfalb mit einer Korrosionsschutzmasse versehen 40 
und aufien ist ein Auflenmamel AM 2 vorgesehen. Ein 
KabeJ dieser An hat einen AuBendurchmesser in der 
GrOBenordnung von 5 mm. ein Gewicht von 48 kg/km, 
eine Bclastbarkeit von 3900 N, eine Bruchlast von 
10500 N und ein Gewicht in Wasser von2&5 kg/km bei 4$ ' 
einer ReiBiange von 37 km in Wasser. 
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Marine cable transmission link with optical 
transmission elements 

Abstract 

The regenerators (RG1, RG2) have an autonomous power 
supply (EVE) which operates without remote feed and which 
is accommodated in a pressure-tight housing (GH) , to which 
the respective marine cables (OC1, OC2) are connected from 
the outside via optical connectors (ST11, ST12) . 

Patent Claims 

1. A marine cable transmission link with optical 
transmission elements (optical waveguides) and at least one 
regenerator (RG1) , characterized in that the marine cable 
provided is a lightweight optical cable constructed without 
electric remote feed conductors, and in that the 
regenerator (RG1) in each case has an autonomous power 
supply device (EVE) that operates without remote feed and 
is accommodated in a pressure-tight housing (GH) , to which 
the respective marine cables (OC1, OC2) are connected from 
the outside via optical plug connections (ST11, ST12) . 

2. The marine cable transmission link as claimed 
in claim 1, characterized in that the regenerator (RG1) has 
a small nuclear reactor (KR) as the power supply device. 

3. The marine cable transmission link as claimed 
in claim 1 or 2, characterized in that the regenerator 
(RG1) has sensors or antennas (AM, PS) or connector cables 
which can be fed from the surface of the sea, for example 
by means of electromagnetic power or by means of 
ultrasound, and in that appropriate power storage devices 
(e.g. batteries or the like) are provided in the 
regenerator (RG1) . 

4. The marine cable transmission link as claimed 
in one of the preceding claims, characterized in that the 
regenerator (RG1) has on its outside sensors (AND) that can 
be activated via sound waves or electromagnetic waves, and 
in that in the interior of the regenerator (RG1) there is 
provided a response device (COD) which provides and emits a 
response signal which is preferably selective for each 
individual regenerator of the transmission link. 

5. The marine cable transmission link as claimed 
in one of the preceding claims, characterized in that the 
housing (GH) of the regenerator (RG1) is constructed as a 
pressure-resistant, watertight steel sphere. 

6. The marine cable transmission link as claimed 
in one of the preceding claims, characterized in that the 
housing (GH) in each case has a lifting eye (HO) on its 



outer side. 

7. The marine cable transmission link as claimed 
in one of the preceding claims, characterized in that the 
plug-in connections are pressure-relieved, and in that the 
seawater penetrates into the optical plugs (ST11) fitted to 
the housing and serves as an immersion liquid. 

8. The marine cable transmission link as claimed 
in one of the preceding claims, characterized in that it is 
constructed as a cable which has one to six fibers, is 
lightweight, lightly armoured and easy to lay (Fig. 4, Fig. 
5). 

9. The marine cable transmission link as claimed 
in one of the preceding claims, characterized in that 
matched shorter connections are produced by laying a 
plurality of identical links in parallel. 

10. The marine cable transmission link as claimed 
in one of the preceding claims, characterized in that, in 
particular for shallow water areas, the cable is made 
secure against being displaced by means of a lead sheath 
and/or an additional heavy armouring. 

11. A method of laying a marine cable transmission 
link as claimed in one of the preceding claims, 
characterized in that the marine cable is wound overhead on 
the coil by machine, and in that it is drawn off and laid 
overhead from the coil. 

12. The method as claimed in claim 10, 
characterized in that the laying of the cables is carried 
out from small fast ships. 

13. The method as claimed in claim 10 or 11, 
characterized in that in the event of repair, only the sunk 
regenerators are raised and connected to a prefitted 
replacement cable section and sunk again. 

14. The method as claimed in one of claims 10 to 
12, characterized in that on both sides of a regenerator 
(RG1), so much cable is laid on the seabed that the 
regenerator (RG1) can be raised without damaging the 
connected cables (Fig. 2) . 

Description 

The description relates to a marine cable 
transmission link with optical transmission elements 
(optical waveguides) and at least one regenerator. 

Optical marine cables of this kind are known from 
"Elektrisches Nachrichtenwesen" [Electrical 

Telecommunications], Vol. 56, No. 4, 1981, pages 392 - 398. 
The connection between the regenerators (amplifiers) and 
the respective marine cable items is permanent, that is to 
say the marine cable is inserted into the interior of the 
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regenerator, specifically by means of a corresponding 
complicated sealing arrangement. The regenerators are 
supplied via electric conductors integrated into the 
optical marine cable. Within the context of a trial 
operation, an empty regenerator housing together with an 
appropriate loop of cable was laid and subsequently raised. 
The new amplifier was then spliced in and the cable laid 
back again. 

The production and the laying of marine cables, which 
are provided with appropriate electric remote feed line 
systems, is relatively complicated, since appropriate 
electrical conductors additionally have to be introduced, 
the conductors themselves and their insulation contributing 
to stiffening the cable and to enlarging the diameter. 
Furthermore, previous marine cables, even when they were 
constructed with optical waveguides, are constructed with 
at least one to three layers and heavily armoured in any 
case depending on the laying depth and laying type. The 
reason for this resides in the necessity, hitherto viewed 
as unavoidable, of having to repair such a cable with the 
aid of classical methods in the event of damage. This 
necessity can result even from the possibility of the 
failure of the regenerators, which are always present over 
long stretches. The described construction of the known 
marine cables results in high productions costs and high 
repair costs and includes the necessity of specific 
factories for the production and loading of these cables, 
and also specific laying and repair ships. 

The invention is based on the object of providing a 
marine cable transmission link of the type mentioned at the 
beginning which can be produced and laid with substantially 
less outlay and which can also be repaired more cost- 
effectively. According to the invention, in a marine cable 
transmission link of the type mentioned at the beginning, 
this is achieved by the marine cable provided being a 
lightweight optical cable constructed without electric 
remote feed conductors, and by the regenerator in each case 
having an autonomous power supply device that operates 
without remote feed and is accommodated in a pressure -tight 
housing, to which the respective marine cables are 
connected from the outside via optical plug connections. 

The construction of the optical cables within the 
context of the marine cable transmission link can be kept 
substantially simpler, since the electric conductors needed 
for the remote feed, together with the necessary 
insulation, can be omitted. As a result, the cables not 
only become simpler in terms of construction but also 
lighter, can be wound onto drums with a lower radius of 



curvature because of the smaller cross section and can be 
drawn off more simply. At the same time, it has to be taken 
into account that, because of the low transmission 
attenuation in optical marine cables which have been 
achieved in the meantime, regenerator spacings of the order 
of magnitude of about 100 km are possible, so that only 
relatively few regenerators are needed even for long 
transmission links. The replacement of a regenerator can be 
carried out in a simple way, since in the case of said 
regenerators, the respective marine cables are connected 
from the outside via plug-in devices. In the event of a 
repair / it is therefore merely necessary to remove the 
regenerator that is no longer serviceable by loosening the 
plug-in connections and, for this purpose, to insert a new 
regenerator, only the plug- in connections having to be made 
again. On the repair ship, therefore, no complicated work 
has to be carried out during such a replacement, so that 
regenerator replacement can be carried out quickly and 
reliably without great effort. Likewise simple is the 
repair of a damaged section of marine cable, since the 
latter is simply replaced by a new one as far as the plug- 
in connections of the adjacent regenerators. 

The avoidance of remote feed devices is made possible 
by the fact that each regenerator location has an 
autonomous power supply system, which is accommodated in a 
pressure -tight housing, to be specific expediently together 
with the respective amplifier. In detail, a small nuclear 
reactor can expediently be provided as the power supply 
device . 

However, there is also the possibility of fitting to 
the regenerators sensors or antennas which, from the 
surface of the sea, can be fed, for example, by means of 
appropriately directed electromagnetic power or by means of 
ultrasound, appropriate power storage devices (e.g. 
batteries or the like) having to be provided in the 
regenerator itself. 

With relatively low depths and low power consumption, 
it is also possible for solar cells fitted to the outside, 
if necessary floating, to be provided as power supply 
devices for the respective regenerators. 

The invention relates further to a method of laying a 
transmission link of the type described above, which is 
characterized in that the marine cable is wound overhead in 
the coil by machine and in that it is drawn off the coil 
and laid overhead. In this way, a particularly small cable- 
laying ship can be used. Laying can be carried out at high 
speed and with simple means, since no special measures are 
required for drawing off lightweight cables overhead. 



Other developments of the invention are reproduced in 
subclaims . 

The invention and its developments will be explained 
in more detail below using drawings, in which 

Pig. 1 shows a schematic illustration of a laid 
marine cable transmission link, 

Fig. 2 shows a schematic illustration of a stored 
cable length on either side of a regenerator, 

Fig. 3 shows the structure of a completely fitted 
regenerator housing in cross section, 

Fig. 4 shows the construction of a first exemplary 
embodiment of an optical marine cable for use in the 
invention and 

Fig. 5 shows the construction of a further marine 
cable for use in the invention in cross section. 

Fig. 1 shows two head stations HD1 and HD2, which are 
located in the coastal area and are supplied via 
corresponding cables CA1 and CA2. In order to bridge the 
region of a marine section SE, an optical cable OC is laid 
on the seabed SEB, regenerators RG1 and RG2 being provided. 
The individual marine cable sections 0C1, 0C2 and 0C3 
between the head stations HD1 and HD2 and the regenerators 
RG1 and RG2 are designated 0C1 to 0C3. The regenerators RG1 
and RG2 are equipped with autonomous power supply devices, 
as will be explained in more detail using Fig. 3. The 
optical marine cables 0C1 to 0C3 are connected to the 
respective regenerators via connectors ST11 and ST12 (in 
the case of regenerator RG1) and ST21 and ST22 (in the case 
of regenerator RG2) . 

On both sides of the respective regenerators RG1 and 
RG2, the optical cables are laid with such excess lengths 
that it is possible to raise the regenerators for repair or 
replacement purposes. Details relating to this are shown in 
Fig. 2, where parts of the optical cables 0C1 and 0C2 in 
the region of the regenerator RG1 are drawn in plan view, 
and the wavy lines symbolize the respective excess marine 
cable lengths. 

In this way, it is then possible, as indicated dashed 
in Fig. 1, for example to raise the regenerator RG1 and 
replace it by a new regenerator RG1*. This replacement 
operation is possible in a particularly simple way since 
the connection of the optical cables 0C1 and 0C2 belonging 
to the regenerator RG1 is carried out via the plug-in 
connections ST11 and ST12, so that no work in the interior 
of the regenerator is necessary on the repair ship, instead 
only the outer connections have to be made in the region of 
the connectors ST11 and ST12. 

In the case of the regenerator RG1 shown in cross 



section according to Pig. 3, the housing GH is produced 
from a highly pressure -resistant material, a lifting eye HO 
being fitted to the upper side which, in the event of 
repair, serves as an attachment for the hook of the lifting 
cable. The housing GH expediently has a spherical shape or 
cylindrical shape. Above the housing GH, a buoy connected 
to the latter by a cable is expediently fitted, which makes 
location and picking up easier. Reloading of batteries, for 
example, can also be carried out from the outside via the 
connecting cable to the buoy, for which purpose the cable 
(preferably steel) is to include an electrical cable. 

The associated optical marine cables 0C1 and 0C2 are 
connected via optical plug-in connections ST11 and ST12, 
the plug-in connection ST11 being described in more detail 
in the following text. The optical cable 0C1 is terminated 
on the outside of the regenerator RG1 by a plug part STS1. 
A dedicated plug part STS1 is expediently provided for each 
fiber in the optical cable. Provided in the housing GH is a 
window FS, in which the respectively adapted second plug 
part STS2 is embedded (for example potted) in a pressure- 
tight manner and, at the same time, forms a type of lead 
through. The two plug parts STS1 and STS2 are held together 
mechanically by a suitable connecting element, which can 
comprise, for example, a union nut UM (held firmly on STS1) 
and an externally threaded sleeve GM (held firmly on STS2) . 

The region of the plug pin STS1 and of the plug 
socket STS2 does not necessarily have to be sealed off 
against seawater, because seawater, owing to its 
properties, can virtually be used as an immersion liquid, 
that is to say any gap between the plug socket STS2 and the 
plug pin STS1 can readily provide access for seawater. A 
tension- and pressure -relieving construction for the plug 
is therefore sufficient. 

Provided downstream of an opto-electrical conversion 
device OE is an amplifier AM> which brings the incoming 
signals to correspondingly higher level values, a following 
electro-optical converter EO in turn supplying optical 
signals which are then transmitted onward via the plug-in 
connection ST12 and the optical cable 0C2. 

The optical marine cables 0C1 and 0C2 have no 
electric conductor systems serving for remote feed. It is 
therefore necessary to provide in the regenerator RG1 a 
dedicated, autonomous power supply device EVE, which can be 
constructed in various forms. One first possibility is to 
incorporate a small nuclear reactor KR into the regenerator 
housing GH, this ensuring the autonomous power supply. 

However, there is also the possibility, for example 
by means of a receiving antenna fitted outside the housing 



6 



GH - illustrated in the present example as a parabolic 
mirror PS with antenna element AN - to perform recharging 
of the power supply device EVE from time to time if the 
latter is not constructed as a small nuclear reactor. In 
this case, the power supply device EVE has to be provided 
with appropriate storage devices (batteries) , which use the 
high-frequency energy, which is converted into direct 
current by the rectifier GR, for the purpose of recharging. 
Instead of high-frequency power, if appropriate recharging 
with sonar energy can also be provided, appropriate sensors 
sensitive to sonar energy having to be provided outside the 
housing GH. In order to carry out better alignment and 
transmission of power with low attenuation, it is also 
possible, for example, to use the holding eye HO at the 
same time to let down an appropriate radiant transmitter on 
a cable to the regenerator and to fix said radiant 
transmitter in the immediate vicinity of the corresponding 
sensor, for example the antenna AN, for the recharging 
operation, and to align it with said antenna. However, it 
is also possible, by means of a buoy and an appropriate 
cable, to perform recharging of the batteries in the EVE 
from the surface of the sea. 

In some cases, it may be expedient, in order to find 
the regenerator more easily, to provide an appropriate 
interrogation/response device based on sonar or high 
frequency. For this purpose, an encoding device COD 
connected to the power supply device EVE and a decoding 
device DEC are provided, which are connected to an antenna 
AND on the outer wall of the housing GH. In response to an 
appropriate interrogation signal, which is picked up by the 
antenna AND and decoded in the decoding device DEC, the 
encoder COD provides a response signal which is emitted via 
the antenna AND. In this way, a ship standing by for a 
repair operation or recharging can locate the position of 
the respective regenerator relatively accurately. In 
addition, passive resonators (for example filter 
resonators) can also be fitted to the outer side of the 
housing GH. The above -described marine cable transmission 
link corresponding to Figs. 1 to 3 has the advantage that 
not only can for example the regenerator housing be 
replaced easily, but it also primarily makes it possible, 
in the event of damage to one of the optical marine cables, 
for example the cable section 0C2 according to Fig. 1, for 
this entire section of cable 0C2 simply to be replaced. For 
this purpose, the two regenerator housings RG1 and RG2 are 
raised, a new cable section 0C2 with the appropriate plug- 
in connections at the two ends is inserted into the 
regenerators RG1 and RG2 and, in this way, the operational 



capability of the transmission link is reproduced. 

Because of the lower attenuation and the greater 
bandwidth, single-mode fibers are expediently used for the 
optical marine cables within the context of the invention, 
in most cases one fiber being sufficient for each 
communication direction. If wavelength multiplex is used, 
one fiber is even sufficient for both directions. 

In shallow water areas, in which cables are very 
easily damaged, even with relatively strong armouring, or 
(in the case of a low weight) are displaced by currents, 
shorter connections can expediently be produced with 
redundancy by means of laying a plurality of lengths of the 
same type in parallel. In the event of damage, only one of 
the plurality of identical links is then normally affected, 
and the entire transmission link does not fail. 
Furthermore, it is possible, by increasing the weight (for 
example by means of a lead sheath or additional armouring) , 
to make the laid optical marine cables secure to an 
increased extent against being driven. 

The laying of the relatively lightweight and very 
flexible marine cables can be carried out from small and 
fast ships. In the event of repair, likewise only small and 
simple ships need to raise the sunk regenerators, which are 
designed to be appropriately large and powerful, in order 
to be able to find and grasp them better, and to connect 
them to the prefitted cable ends of the replacement cable. 
The regenerators, together with the new replacement cable 
section, are then sunk again. The difference in cost as 
compared with the classical systems, in particular for the 
marine cable itself and the repair work, is so great that, 
instead of multifiber cables, the parallel laying of a 
plurality of single-fiber cables can also be considered. If 
the individual regenerators are designed from the start for 
the connection of a plurality of fibers, the subsequent 
expansion of a connection is also possible with little 
effort. As already mentioned, it is merely necessary to 
ensure that, on both sides of a regenerator, there is so 
much stored cable length on the seabed that raising the 
regenerator can be carried out without damaging the 
connected cables (cf. Fig. 2), 

The regenerator housings GH are expediently constructed as 
pressure-resistant and watertight steel spheres. Their 
diameter may be of the order of magnitude of one meter. 

In shallow water areas, the cables can also be wound 
in and/or replaced or supplemented by more heavily armoured 
cable sections. 

The cable according to Fig. 4 has a single optical 
fiber LWL1, which is embedded in a soft filling compound 



8 



FM1 such that it can move, preferably with an excess 
length. Provided around this internal structure is a 
buffering means BF1, for example by means of a hard plastic 
material (for example of materials known under the trade 
names *Grilamid TR55" and tt Vestodur 3000") , which forms a 
tubular inner sheath. On the latter, armouring elements BWl 
rest, which consist of high- tensile steel wires, the pocket 
elements being filled with corrosion prevention compound. 
On the outside, a protective sheath AMI of a polyamide is 
fitted. 

A single-fiber marine cable of this type has a weight 
of the order of magnitude of about 12 kg/km, an outer 
diameter of about 2.4 mm, a short-term load-bearing 
capacity of about 1000 N, a breaking load of 2800 N and a 
weight in water of the order of magnitude of about 7.5 
kg/km. The breaking length of a cable arrangement of this 
type is around 2800/120 = 23 km in air and, in water, 
around 2800/7.5 = 37 km. 

The optical cable 0C2, illustrated only schematically 
in accordance with Fig. 5, has a plurality of optical 
waveguides LWL21 to LWL2n (n = 7 is selected in the present 
example) , which are surrounded with soft buffer materials 
BF21 to BF2n. The pocket spaces are filled with a soft 
filling compound FM2 and an inner sheath IM2 is 
subsequently provided. The armouring BW2 of high tensile 
strength steel wires is likewise provided with a corrosion 
prevention compound, and an outer sheath AM2 is provided on 
the outside. A cable of this type has an outer diameter of 
the order of magnitude of 5 mm, a weight of 48 kg/km, a 
load-bearing capacity of 3900 N, a fracture load of 10 500 
N and a weight in water of 28.5 kg/km with a breaking 
length of 37 km in water. 
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